Introduction
Artificial surfaces for settlement (also referred to as settlement panels or plates) have been used extensively to study assemblages of epibiota in intertidal and subtidal habitats. Most studies of subtidal assemblages have focussed on succession, competition or disturbance within epifaunal assemblages and examined how these influence the coexistence of fauna and stability of assemblages (Osman 1977 (Osman , 1978 Sutherland and Karlson 1977 Dean and Hurd 1980; Russ 1980 Russ , 1982 Ayling 1981; Kay and Keough 1981; Kay and Butler 1983; Keough 1983 Keough , 1984a Keough , 1984b Butler 1986 Butler , 1991 . These studies have resulted in numerous descriptions of the patch dynamics of subtidal epifaunal assemblages (e.g. Osman 1977; Connell and Keough 1985; Butler and Chesson 1990) . There have been similar studies in algal assemblages (Foster 1975a (Foster , 1975b Kennelly 1983; Kennelly and Underwood 1993) .
Rarely, however, have settlement plates either been designed to mimic natural substrata (Osman 1977; Todd and Turner 1986) or been constructed from natural substrata (Kennelly 1983; Hixon and Brostoff 1985; McGuinness 1989) . Instead, it has been traditional to use easy-to-handle artificial surfaces such as bakelite, Perspex, concrete and wood. Organisms may respond quite differently to these surfaces compared to natural substrata, as has been shown for some intertidal species (McGuinness 1989) . This is potentially problematic when artificial surfaces for settlement are used to gain information about recruitment and establishment of epibiota on naturally occurring surfaces.
As recognized by Keough (1983 Keough ( , 1984b , many studies of epifaunal assemblages have not specifically addressed processes of recruitment. Clearly, recruitment is important to consider because it has the potential to influence strongly the composition of epibiotic assemblages (Underwood and Denley 1984; Caley et al. 1996) . Surprisingly, there is still a paucity of information about spatial and temporal variability in recruitment of subtidal organisms on hard substrata. The few studies of spatial variability in recruitment of subtidal organisms have found large differences in patterns of recruitment over scales of 10s of metres to 10s of kilometres (e.g. Kay and Keough 1981; Keough 1983; Butler 1986 ). Furthermore, recruitment may vary considerably over a small range of depths (Osman 1977; Hirata 1987 ) and may be highly variable within and among years (Sutherland and Karlson 1977; Osman 1977 Osman , 1978 Keough 1983; Butler 1986 ). However, since spatial and temporal patterns of larval recruitment are likely to vary considerably among species, use of higher taxonomic levels of classification may be the most meaningful way of describing patterns of recruitment among habitats (Butler 1986 ).
Information about scales of natural variability in recruitment can be crucial for the design of experiments. For example, if recruitment varied naturally over scales of metres but the smallest scale at which sampling was done was 10s of metres, the sampling would be confounded by the natural, smaller-scale variability (Underwood 1991) . The study described here was done to identify the appropriate spatial scales at which to sample developing assemblages of subtidal epibiota among different locations as part of a study of environmental impact. Because previous studies have identified spatial differences in the recruitment and development of subtidal epibiota at a number of scales, it was likely that developing assemblages could be very spatially variable between sites in Sydney, Australia. This prediction was tested by comparing the recruitment and development of epibiotic assemblages on new sandstone surfaces at a number of spatial scales. For the purposes of this study, Butler's (1986) definition of a 'recruit' was used. That is, an organism that has settled on the plate and survived to become visible at the time of sampling.
Materials and methods

Settlement plates
Plates (15 mm thick) cut from Hawkesbury sandstone were used as settlement surfaces. All plates had a grain size and texture similar to cleared areas of subtidal rock, the majority of which is also Hawkesbury sandstone. Results of a previous study (Glasby, unpublished) indicated that 15 × 15 cm plates would be appropriate. A rigid polyvinyl chloride bracket (10 cm wide) was glued to the back of each plate with an epoxy resin (Megapoxy HT; Vivacity Engineering, Sydney, Australia). This resin is non-toxic to humans and was assumed to be relatively inert. The bracket was bent so that it did not come into contact with the edge of the plate (Fig. 1a) . This meant that the front of the plate was essentially free-standing and its surface area was not increased by contact with supporting structures. The base of the bracket had two slots cut out so that the entire unit could be attached vertically to a hardwood beam (5 × 2.5 × 160 cm) by bolting it onto two stainless steel threaded rods drilled into the side of the beam (Fig. 1b) . Each wooden beam was attached to the substratum by screwing two stainless steel self-tapping screws into rawlplugs drilled into the rock.
Sampling design
Plates were deployed in Pitt Water, a waterway in the southern region of Broken Bay, 30 km north of Sydney, Australia. Pitt Water is bounded by the Ku-ring-gai Chase National Park on the western side and urban areas to the east and south. There are no industrial areas around the waterway and there is no commercial shipping, although it is a popular area for recreational boating. The study sites were adjacent to the National Park and at least 2 km from the nearest human development and were considered therefore to be in a relatively undisturbed area.
A fully nested design which incorporated four spatial scales was used. At the largest spatial scale, there were two locations ~ 2 km apart. This represented the distance that control or reference locations may be from a disturbed location in an environmental study. Within each location, there were two sites ~ 300 m apart and within each site were two plots ~ 20 m apart. Three replicate plates were deployed at each plot, one replicate per wooden beam, so that replicates were approximately 3 m apart. Thus, this design enabled the comparison of three spatial scales, 1000s of metres (locations), 100s of metres (sites) and 10s of metres (plots).
Seventy-two plates were put out over two days in June (winter) of 1994. Three plates were positioned on each beam (each 15 cm apart), one for each time of sampling. Plates were set up in shallow water (~ 0.5 m below Mean Low Water Springs) at each plot. The first set of plates was collected (n = 3 per plot) after 6 weeks. A second sample was collected after 10 weeks (i.e. 4 weeks after the first sample), and the final plates were collected after a total of 19 weeks. These three independent times of sampling were decided on by examining the growth on the plates, thus ensuring that the assemblages were at very different stages of development when sampled.
Plates were transported in seawater to the laboratory where they were fixed in a 5% formaldehyde solution neutralized with CaCO 3 and mixed with seawater, then transferred into a solution of 60% ethanol, 10% glycerine and 0.5% formaldehyde in seawater for storage. The plates were examined under a Wild M8 zoom stereo-microscope and only the front surfaces of the plates were sampled. Organisms were identified to a fairly coarse level, in part because of the great taxonomic uncertainty of many subtidal organisms in Australia (Keough and Butler 1995) . Percentage covers of sessile organisms were estimated by use of a grid of 100 regularly spaced points which sampled to within 1 cm of the edges of the plates (i.e. a 13 × 13 cm area) to avoid 'edge effects'. Abundances of solitary species were not estimated because they had been found to correlate well with percentage cover for each taxon (Glasby, unpublished).
Analyses of data
Data were analysed by univariate and multivariate techniques. For analyses of variance (ANOVA) all factors were considered random. Variances were tested for homogeneity by Cochran's C-test (P = 0.05), and if data were heterogeneous α was set at 0.01 for the ANOVA (Underwood 1981) . Non-significant factors (at P = 0.25) were pooled post hoc to increase the power of other tests in the model (Winer 1971; Underwood 1981) . Means were compared by Student-Newman-Keuls (SNK) tests. Components of variation were calculated for each of the three spatial scales (Underwood 1997) . Negative variance components have been presented. These indicate that there is essentially no variation among the levels of the factor in question, but that the true value has been underestimated. Consequently, the variation between levels of higher factors is also underestimated, whereas that between levels of lower factors is overestimated.
Non-parametric multivariate techniques used the PRIMER software package (Plymouth Marine Laboratory, UK). Data were double square-root transformed and Bray-Curtis similarity matrices (Bray and Curtis 1957) were calculated according to the recommendations of Clarke and Green (1988) and Clarke (1993) , and non-metric multi-dimensional scaling (nMDS) ordinations were plotted. One-way analyses of similarities (ANOSIM; Clarke and Green 1988 ) tested for differences in the composition of assemblages among the 3 spatial scales (plots, sites and locations). Pairwise comparisons tested for differences between groups of replicates when ANOSIM was significant and the Bonferroni procedure was used to control the probability of type I error for these multiple comparisons (α = 0.05). The average Bray-Curtis dissimilarity between groups of replicates at each spatial scale was calculated by use of the SIMPER program (Clarke 1993) . Dissimilarity of 0% indicates that the groups are identical in composition of species, while 100% indicates total dissimilarity between groups. Only those taxa that were relatively abundant (i.e. covering, on average, at least 5% of the plate) were used in the univariate analyses, whereas all taxa (and 'bare space') were included in the multivariate analyses.
Because this was a small-scale 'pilot' study, it was expected that the power of many tests for differences would be small. Thus, it was important to calculate the power of any non-significant tests and this was done for univariate analyses with post-hoc power analyses as described in Underwood (1997) . 
Results
The diversity of assemblages growing on the plates was initially relatively small, but tended to increase over time. At each time of sampling, however, the plates were dominated by only four or five taxa (i.e. these taxa accounted for, on average, over 70% of the cover) although the dominant taxa varied among times of sampling. The results of the univariate analyses showed that there was variability in recruitment at different spatial scales for different taxa and that this variability was not consistent through time (Table  1 ). When differences were detected at the smallest spatial scale (between plots 10s of metres apart) it was often at one particular site (Site 1, Location 1). Moreover, when these differences occurred, it was often still possible to detect differences at larger spatial scales (Table 1) . Analyses for the dominant taxa are presented here to illustrate these results (Table 2 ; Fig. 2 ).
The cyanobacterium Oscillatoria sp. was very abundant on many plates for the first two times of sampling when there were large differences in its percentage cover between locations (1000s of metres apart) and between plots (10s of metres apart) at one site (Fig. 2a) . At 19 weeks, however, the percentage cover of Oscillatoria had decreased substantially (Fig. 2a) and, as a result, differences were no longer detected at any spatial scale (Table 2a ). Components of variation showed similar patterns among spatial scales for the 6-and 10-week samples, that is, greatest variability between locations, essentially none between sites and large variability between plots (Table 2a) .
Spirorbid polychaetes (including species of Neodexiospira, Janua and Pileolaria) were also abundant on some plates. At each of the three times of sampling, differences were detected between sites at Location 2 and percentage cover differed between sites at Location 1 after 6 weeks (i.e. differences at the 100s of metres scale; Fig. 2b) .
The large apparent differences between locations were not detected by the ANOVA because the power of this test was very small (< 0.4 for each time) and any differences were masked by the larger differences between sites (Table 2b) . Components of variation indicated that, for each time of sampling, the variability between locations was far greater than (at least double) that between sites, while there was essentially no variation between plots (Table 2b) .
Recruitment of the brown alga Colpomenia sinuosa varied significantly among plots at two sites after 6 weeks ( Fig. 2c; Table 2c ), and there were differences in the cover of Colpomenia between plots and locations by 10 weeks (Fig. 2c) . Small-scale differences had disappeared by 19 weeks, but the differences between locations persisted (Table 2c ; Fig. 2c ). Variance components for each spatial scale tended to be smaller for Colpomenia than for other taxa (Table 2c ). The greatest variability occurred between plots after 6 weeks, then between locations and plots, respectively, after 10 weeks, and by 19 weeks there was significant variability only between locations (Table 2c) .
Filamentous green algae (here grouped together as Cladophorales) were also common on the plates at all three times of sampling, although by 19 weeks these algae were no longer present on plates at one of the locations. Differences between sites and locations occurred at different times of sampling (Table 1) . A mat-like ectocarpalean alga (probably Bachelotia antillarum) was initially uncommon and patchily distributed among plates, but had started to cover a large percentage of the plates by 19 weeks. Spatial differences in the cover of Bachelotia were not evident until 10 weeks when sites were found to differ at Location 1 (Table 1 ). There were also differences between sites after 19 weeks, although these now occurred at Location 2 (Table 1) .
Hydroids (including Obelia sp. and Campanularia sp.) were very patchy in their distribution after 6 and 10 weeks and there were differences in percentage cover at the scale of plots at these times (Table 1) . However, the percentage cover of hydroids had started to increase at Location 1 by 19 weeks when differences between the two sites developed (Table 1) . Red filamentous ceramialean algae (including Polysiphonia sp.) were uncommon, but despite this, differences were still found between plots at one site after 10 weeks (Table 1 ). There was a significant difference in the cover of ceramialean algae between locations by 19 weeks. Bryozoans (primarily Watersipora subtorquata) were also relatively rare on the plates, but did tend to increase slightly over time. There were differences in the cover of bryozoans between sites at one location by the 10-week sample ( Table  1) .
As the percentage cover of various taxa tended to increase over time, there was a corresponding decrease in the percentage cover of 'bare space' (Fig. 2d) . 'Bare space' describes areas of the plates where no organisms were Variability in subtidal assemblages of epibiota visible under the microscope, but it is quite likely that they were covered by microfilms of bacteria etc. Spatial differences in the cover of 'bare space' were apparent after 6 weeks when there were differences between plots at Site 1, Location 1 and also after 10 weeks when differences between plots and between sites were detected (Table 2d) . As expected, the variance components for each spatial scale differed markedly among times of sampling (Table 2d ). There was great variability at most spatial scales up to 10 weeks, after which time there was little bare space on the plates and, thus, less variability at each spatial scale (Table  2d) .
It is important to note that the power of most tests for which no significant difference was detected was generally very small (often less than 0.3). This was highlighted by the fact that differences were occasionally not detected despite the fact that there was considerable variability at a given spatial scale (as indicated by large variance components).
Fig. 2.
Percentage covers of selected taxa on settlement plates at plots, sites and locations after 6, 10 and 19 weeks. Differently coloured bars represent the two plots at each site. Table 2 . Analyses of variance for dominant taxa for the 3 times of sampling (6, 10 and 19 weeks) Post-hoc pooling done at P > 0.25; superscripts a on MS indicate those terms were pooled and the resultant term was used as denominator for the superscripted F-ratio. NS P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001. All data were untransformed. Variances were homogeneous at P > 0.05 for all tests except for Oscillatoria 6 and 19 weeks, spirorbids 6 weeks and The lack of power was generally attributable to great variability among replicate samples. Tests for differences between plots were often not powerful despite the relatively good degrees of freedom (df) for these comparisons (4, 16 df). Differences in the overall composition of assemblages growing on the plates were observed at all of the spatial scales examined for each time of sampling (Fig. 3) . The 3 replicate plates at each plot were pooled for the nMDS ordinations, giving 6 replicates at each site at each of two locations. This was done because I was unable to test for differences between individual plots (using pairwise comparisons) at a significance level of less than P = 0.1 with only 3 replicates (when comparing two groups of three numbers, the maximum number of permutations is 10, therefore, each permutation occurs with a probability of 1/10). Although the sample statistic (Global R) from the ANOSIM for the plot comparison with 3 replicates was always significant, indicating that some plots were significantly different, without being able to do pairwise comparisons with α < 0.1, it was not possible to identify, with any confidence, whether those plots that were 10s of metres apart differed. For testing my hypotheses, it would have been important only if the two plots within each site differed (i.e. those plots that were 10s of metres apart, rather than plots from different sites or locations which would be 100s or 1000s of metres apart).
The nMDS ordinations indicated that, for the first two times of sampling, there was a lot of variability among individual plates, particularly at Location 1, Site 1 (Fig. 3a,  b) . There appeared to be a difference between the two plots at this site by 19 weeks (i.e. 2 groups of 3 points; Fig. 3c ), but there were no other distinct separations of plots within sites (Fig. 3) . Sites and locations were clearly separated, particularly after 10 and 19 weeks (Fig. 3b, c) . ANOSIM and pairwise comparisons showed that, at each time of sampling, there was a significant difference between the two locations and between the sites at Location 1. Thus, even if there were differences between plots, differences between sites and locations could still be detected. This was supported by the comparison of average dissimilarities among the three spatial scales. The dissimilarity between plots nested within sites was consistently less than that between sites nested within locations which, in turn, was less than that between locations (Table 3) . Moreover, the dissimilarities between plots and between sites tended to decrease over time as the assemblages became more developed, while the dissimilarity between locations was consistently large (Table 3) .
Discussion
This study showed that there is variability in developing epibiotic assemblages around Sydney, Australia over spatial scales of 10s to 1000s of metres. The greatest variability was between sites (100s of metres apart) and locations (1000s of metres apart). When plots were found to be different, it was generally still possible to detect differences at larger spatial scales (i.e. between sites or locations). These results are consistent with the findings of the few other studies that (Kay and Keough 1981; Keough 1983; Butler 1986 ). Moreover, patterns of larval recruitment at different spatial scales are unlikely to be the similar for different taxa (Butler 1986) . The scale at which the percentage covers of taxa varied was not consistent through time (i.e. at different stages of development of the assemblage and/or with time of year). This was especially evident from the comparison of variance components. Rarely were there similar degrees of variability among the spatial scales for each time of sampling, nor did the cover of a particular taxon regularly vary at the same spatial scales. This was most likely due to a combination of variability in recruitment of species over time (e.g. Sutherland and Karlson 1977; Osman 1977 Osman , 1978 Keough 1983 ) and changes in the structure of the assemblages over time (e.g. the disappearance of Oscillatoria), which may, in itself, affect further recruitment (Osman and Whitlatch 1995) . The abundance of organisms such as the cyanobacterium Oscillatoria and filamentous green algae varied greatly over time. When they were relatively abundant, there were clear differences in the percentage covers of these organisms over a variety of spatial scales. Conversely, when these taxa were uncommon on plates, no significant differences were detected at any spatial scale. Despite the changing abundances of individual taxa over time, the multivariate analyses showed that there was always variability in the overall composition of the assemblages at scales of 100s and 1000s of metres.
Most of the non-significant univariate tests had very small power (i.e. < 0.3) so it is possible that differences were not detected because of inadequate replication. This is not surprising given the limited nature of the study, but clearly it is possible that significant differences could have been detected if greater replication was used. That is, this study has most likely under-estimated the scales of spatial variability in recruitment of subtidal sessile organisms. Nevertheless, the results do demonstrate that variability may occur at a variety of spatial scales and that the exact nature of this variability may change as assemblages of epibiota develop. The multivariate analyses indicated that variability at the scales of 10s and 100s of metres tended to decrease as the assemblages developed, whereas variability between locations 1000s of metres apart continued to be great.
The spatial variability demonstrated in this and other studies must be estimated as part of any environmental impact study involving epibiota on subtidal hard substrata. For comparisons among areas 100s or 1000s of metres apart, replicates within each of these areas will need to be spaced at least 10s of metres apart to incorporate small-scale variability. Moreover, it is likely that considerable replication will be necessary to ensure that powerful tests can be constructed. Inadequate small-scale spatial replication is likely to confound comparisons among locations (Underwood 1981 (Underwood , 1989 (Underwood , 1993 Hurlbert 1984; Andrew and Mapstone 1987; . Furthermore, a lack of understanding about largescale variability might result in the choice of inappropriate control or reference locations (Green 1979; Underwood 1992 Underwood , 1994 Keough and Mapstone 1995) . Without detailed knowledge of scales of natural variability it will be impossible to make any sensible conclusions about environmental impacts (Lewis 1976; Christie 1980 Christie , 1985 .
Settlement plates are seldom made from natural substrata as was done here (but see Kennelly 1983; Hixon and Brostoff 1985; McGuinness 1989) . Use of a natural substratum reduces the likelihood that organisms will respond in different ways to the settlement plates and natural surfaces. Of course, settlement plates may often be unlike natural surfaces in that they are small, isolated patches (Keough 1984a; Connell and Keough 1985; Butler 1991) . Nevertheless, attachment and growth of organisms should be similar on natural surfaces and settlement plates made from the same natural substratum. Thus, settlement plates made from a naturally occurring substratum will be useful for relative comparisons among locations, but may not necessarily provide specific information about assemblages growing on large surfaces such as rocky reefs.
The design and deployment of the settlement plates used here helped overcome potential problems of other studies that use settlement plates. First, any effects of supporting structures (such as frames, screws etc.) on the settlement and growth of organisms were minimized by the use of plates that were essentially free-standing in the water column. The area of the plate sampled was isolated from surfaces other than sandstone. Second, the estimates of the composition of assemblages at different stages of development were independent of one another, but were directly comparable because the plates were all deployed simultaneously and collected after varying amounts of time. This has only rarely been done for studies of developing assemblages of epibiota (e.g. Shin 1981; Underwood and Anderson 1994) . Finally, the nested sampling design was useful for identifying the scales of spatial variability in recruitment of subtidal sessile epibiota. The scales of natural variation in recruitment may not always be obvious, in which case this kind of hierarchical design should be used to determine the appropriate scales at which to sample (e.g. Fairweather 1990; Jones et al. 1990; Thrush et al. 1994) .
Pilot studies are often time-consuming, but they are frequently an important beginning to ecological research (Green 1979; Underwood 1981; Andrew and Mapstone 1987) . The data presented here will be useful for the design Variability in subtidal assemblages of epibiota of future studies on spatial variability in recruitment of subtidal epibiota and also for the planning of studies of environmental impact in this habitat. This type of information is vital to any test for environmental impact. Without it, inappropriate and possibly confounded comparisons among locations are likely.
